S1. Technical description of the WMO stations, the UHIARC network stations, and other complementary in-situ observations
The AWS Davis Vantage Pro2 is a popular, stable, and accurate meteorological station with a temperature measurement accuracy of 0.5 K (Bell et al., 2015) Two AWS were installed in the city center (U1) and 15 km to the west on the shore of lake Imandra (R0) in 2014. In 2015, AWS were installed in the same place in the city centre and three additional AWSs were 5 deployed in rural sites around the city. Among them, one AWS was deployed on the coast of the lake Imandra. It was collocated with the WMO R1 station (the WMO station index is 22213). Two other AWSs were deployed at the forest sites located to the north-west (R2) and the north-east (R3) of the city.
iButton temperature sensors (reported accuracy 0.5 K) are also popular for the spatially resolved urban climate studies (Malevich and Klink, 2011; Ojeh et al, 2016 ), but they require careful radiation shielding. However, the direct solar radiation 10 is not a problem for our study since the sun was mostly under the horizon during the winter months.
During the winter of 2013-2014, 18 iButton sensors were deployed at a height of 2 m above the ground in the city area. Each sensor was insulated with a rubber membrane and attached by a metal wire to extended tree branches to avoid possible radiative distortion of the temperature readings. In 2015, the iButton sensor network was grown to a total of 35 sensors covering both the residential areas and the industrial complex to the north of the city. They were distributed around different building types: 15 in the campus -low widely spaced buildings in the natural landscape; in the central district -middle-height administrative buildings at Lenin Square and tall buildings surrounded by paved surfaces at Geologists Square; in the city's southern partlow industrial buildings and urbanized landscapes (railway station etc.); and in the industrial zones -widely spaced low and tall structures. All sensors were set up to read the temperature at 10 minute intervals. During the short-period campaigns each AWS was co-located with an iButton sensor to control data quality. Intercomparison of these two types of observations 20 confirmed that the temperature records were unbiased and maintained their respective accuracy margins.
For the longer period of observations in the winter of 2015-2016, two AWSs were installed at the U1 and R1 sites. In addition, two iButton loggers were installed in the city (U2 and U3) and another two in rural areas to the north-east (R4) and south-east (R5) of the city. The data from the existing AWS at the R2 site were also available, but unfortunately there were many gaps in the observational record. All these observations were recorded at one-hour time intervals. The data are available since 25 10.12.2015 up to the end of winter for all stations with exception of the R5 site, where observations ended 08.02.2016. Thus, in addition to the whole winter period (10.12.2015 -01.03.2016) , we have selected a shorter period from 10.12.2015 to 08.02.2016 for the analysis of the synchronous observations of all AWS and temperature sensors. In order to avoid possible effects of solar heating on loggers during the short periods of the sunlight, the iButton readings were processed to remove times when the solar elevation was more than 2°, which covers about 5% of the selected period. 30
Exact location of the listed sites of observations during all three campaigns, elevation above the sea level and corresponding types of the Local Climate Zones are given in Table S1 .
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S2 Accuracy of the satellite remote sensing data products
The hyperspectral MODIS system performs a survey in 36 channels in the visible, near, mid, and thermal IR spectra. The LST data product uses the data of channels 31 and 32 (10.78-11.28 µm and 11.77-12.27 µm, respectively), in which the intensity of the Earth's surface thermal emission is recorded and which cover the range corresponding to the maximum intrinsic emission of the Earth (10-12 µm). The spatial resolution of images received in these channels is about 1000 m. 5
We recognize that the magnitude and spatio-temporal dynamics of the UHI is sensitive to the dataset used in the analysis. The meteorological observations of the surface air temperature as provided by the AWSs and iButton loggers do not necessarily refer to the same physical UHI phenomenon as the land surface temperature (LST) anomalies derived from satellite remote sensing (Christen and Vogt, 2004 ). Therefore we compared in-situ air temperature and MODIS LST (separately for the TERRA and AQUA platforms) for the winter of 2015/16. Figure S2 shows the rather good agreement between the LST from remote 10 sensing and the in situ temperature observations at the R1 site. The R1 station is located on a homogenous landscape near the Imandra Lake, which is frozen in wintertime. There are somewhat weaker relationships between the LST and in-situ measurements for the temperature differences between urban and rural sites (U1 and R1) and between two different rural sites at different elevations (R4 and R1), with the determination coefficients in the range 2 = 0.33-0.46 (TERRA platform) and 0.47-0.64 (AQUA platform). Nevertheless, the data confirms that a linear approximation is satifactory and the temperature 15 dependences are monotonic. So a warmer urban temperature in the in-situ data necessarily corresponds to a positive temperature anomaly in the satellite LST data. Table S2 quantifies the mean LST for the pixels collocated with the in-situ observation sites and selected landmarks (hills) for the winter of 2015-2016 and mean LST differencess between the city (U1 site) and different rural sites. These LST differences are related to each other in the same way as the differences between mean air temperature at corresponding sites according to in situ observations (see Tables S5.1 and S5 .2). 20 Figure S2 . The relationships between the MODIS TERRA and AQUA LST ( ) and the in-situ surface air temperature observations ( ) during the winter of 2015-2016 for (a) data corresponding to the R1 site; (b) data corresponding to ∆ ; and (c) data corresponding to the urban temperature anomaly, ∆ . Table S2 . Statistical characteristics of the LST at the pixels collocated with the in situ observation sites and with a selection of landmarks.
5
The mean LST is denoted as ( o C); the mean LST difference relative to at the U1 site -as ∆ (K). Mean LST difference ∆ is calculated for time series with filled spatial gaps (same length for each pair of points), 95%-quantile ∆ is calculated for time series with excluded gaps (different length for each pair of points). The analysis is given for the winter season 2015-2016. 
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S3. The COSMO-CLM model and its configuration in sensitivity runs
Three nested computational domains were used to run the COSMO-CLM model with 12 km, 4 km, and 1 km horizontal meshes ( Figure S3 .1). All domains are centred on the city of Apatity. The model runs in the smallest domain were used to study the driving factors, extent, and sensitivity of the Apatity UHI using the TERRA-URB scheme. The surface relief used in the model is given in Figure S3 .2. A comparison with the satellite digital elevation data (ASTER, availale from 5 https://asterweb.jpl.nasa.gov/gdem.asp) shows that the key features of the landscape, including the hills surrounding the city, are present in the data used in the model. 
where ̅̅̅̅ is the annual-mean AHF value; is fractional time of the day which represents typical morning and evening peaks; is fractional time of the year ; and the latitude is :
Despite its simplicity, the TERRA_URB scheme has shown good results in several UHI studies, e.g. for Belgian cities 25 (Wouters et al., 2016) and for Moscow (Varentsov et al., 2017; 2018) . Although this scheme does not include the effects of radiative heating on vertical surfaces, which is potentially relevant for the Arctic wintertime, the very low solar angle during our experiments imply a very high aerosol optical depth and therefore small impact of this effect on the net urban heat flux.
Further work and model development would be necessary to quantify the effect.
For Apatity, the urban fraction of the model grid cells was defined as it is shown in Figure S3 .3. Other parameters of the urban canopy required for the model runs were defined for all urban model grid cells as follows: the building height was set to 17 meters, which is typical for the 5-storey buildings which are common in the town; the street canyon aspect ratio was set to 0.8; the building area fraction for the urban cells was set to 0.4. 
S4 Temperature variability during four of the selected case studies
There were four case-study periods (cases 3-6 from Figure 3 ) selected for a more detailed study of the UHI in the winter of [2015] [2016] . Figure S4 shows the observed temperature at three urban and five rural sites for those cases. Note that the temperature at the urban sites is almost always higher than the temperature at any of the rural sites. The largest differences are found for the R1, R2, and R5 sites. The R2 and R5 sites are located at about the same elevation as the urban sites. This indicates 5 that the direct input of atmospheric temperature inversions on the observed temperature differences is smaller than other factors. The R2 station is located in dense forest, which may explain the generally higher temperature at this location. The R4 station is located at a higher elevation than the urban sites, which explains the smaller urban-rural differences with respect to this station, although they are almost always positive. 
S5. Statistical analysis of the UHIARC measurements for the winter season of 2015-2016
Detailed statistical analysis of in situ data was performed for the long-term observation campaign in [2015] [2016] between the urban U1 5 site and other sites, ∆T mean ; and the 95%-quantile of these differences, ∆T P95 . Table S5 .1 contains information only for the AWS sites covering the entire winter period of observations (10 December 2015 -1 March 2016). Table S5 .2 contains information for shorter period for which the data for all iButton sensors is available (10 December 2015 -8 February 2016), only for the cases with the solar elevation less than 2° above the horizon to avoid radiation errors of unshaded iButton sensors.
Statistical significance was estimated for ∆T mean using the two-side Student test: 10
where and are the temperatures at two sites, ∆T j i ̅̅̅̅̅ -their mean difference, 2 ( ) and 2 ( ) -their dispersions, -sampling size, t-values ( , ) were calculated by Matlab tinv routine for given -values. Period with R2 data available 1.7 1.4 8. The right panels include all data; the left panels -the data for days with a large weather factor ( > . ) characterizing calm, anticyclonic conditions and the most intense UHI. All temperature anomalies are calculated as deviations from the LST in the grid cell collocated with the R1 station. Boxes-and-whiskers represents the mean values (the white circles), 25 and 75 percentiles (the filled boxes) and 5 and 95 percentiles (whiskers) of LST within the 5 height ranges 120-140, 140-160, 160-180, 180-200, 200-220, 220-260, 260-300, 300-340 and 340-380 meters a.s.l. Data are presented separately for the non-urbanized cells in Khibiny region (cyan boxes) and for other rural areas (gray boxes). Figure S8 . Intercomparison of the observed (the black line and gray shading) and modelled meteorological characteristics for R1 site: surface air temperature; wind speed at 10 m height above the ground; weather factor Wf. The observed wind speed and Wf are taken from the WMO R1 station (sampled at 6-hour intervals). The model output was sampled at 3-hour intervals. The orange shading identifies six cold periods 5 with strong UHI which were selected for sensitivity studies.
(c) (d) Figure S9 . Maps of the simulated surface air temperature difference between the COSMO-CLM runs: URB_AHF -noURB (a), URB_noAHF -noURB (b). The differences are averaged over the whole period (from 10/12/2015 to 01/03/2016). The urban land useland cover was introduced in the grid cells encompassed by the red lines.
